Introduction
highly effective synthetic plant growth regulator (Takahashi et al., 1978 ) applied worldwide to 42 increase fruit size, especially of kiwifruits and table grapes (Iwahori et al., 1988; Nickell, 1986) . The 43 intensive use of agrochemicals may lead to the presence of residues in foodstuffs when commodities 44 reach the market, an issue of concern and high priority to both public authorities and the general 45 population. Accordingly, the use of agrochemicals in different crops is strictly regulated by 46 international organizations and national governments. With the aim of protecting public health and 47 6 scanner (Seiko Epson, Nagano, Japan). Measurements of the pixel grey volume of the test and 118 control lines were performed using TotalLab image analysis software (Nonlinear Dynamics, 119
Newcastle, UK). 120 
Buffers

Preparation of carbon nanoparticles-secondary antibody Detection Conjugate (DC) 128
For the preparation of the DC, carbon nanoparticles were labeled with GAM immunoglobulins 129 (O' Keeffe et al., 2003) . A 1% (w/v) suspension of carbon was prepared in demineralized water by 130 sonication. Then, 100 µL of coupling buffer containing 175 µg of GAM were added dropwise to 500 131 µL of a 5-fold dilution of carbon (0.2%, w/v) in coupling buffer. After overnight incubation at 4 ºC 132 under gentle stirring, the solution was washed four times with washing solution by centrifugation 133 (13600×g; 15 minutes). Then, the DC was reconstituted in storage buffer at a final concentration of 134 carbon of 0.2%, and stored at 4 ºC. Before running experiments, the working dilution of the GAM-135 carbon conjugate was sonicated for 10 seconds. 136 7 line (CL). After the spraying, the membranes were dried overnight at 37 ºC. Then, the nitrocellulose 142 membranes were placed on a second plastic backing and an absorbance pad was applied at the upper 143 part of the membranes. Subsequently, the membranes were cut into 0.5 × 5 cm strips and they were 144 stored in sealed plastic laminated aluminum bags with a desiccation pad at room temperature until 145 use. 146 2.4.3. LFIA procedure and signal processing 147
For convenience, microtiter plate wells instead of plastic housings or tubes were used as 148 containers for running the immunochromatographic assays. Samples or CPPU standard solutions (80 149 µL) were added to the well followed by 10 μL of DC suspension (typically a 10 or 20-fold dilution) 150 and 10 μL of mAb p6#42. All solutions were prepared in running buffer. Strips were used following 151 opening of the aluminum storage bags and placed vertically into the wells. The fluid was allowed to 152 run through the strip for a maximum of 30 minutes at room temperature. Then the strips were dried 153 at room temperature. 154
For quantitative purposes the strips were scanned at 1200 dpi resolution in 16-bit grayscale, and 155 the scanned images were saved as 16-bit TIFF files. The image analysis was carried out by 156 measuring the pixel grey volume (PGV) corresponding to a slot placed over the TL (dimensions 157 65×15 pixels), and the PGV of a slot with the same dimensions placed below the TL was subtracted 158 for background correction. Measured PGVs were plotted against CPPU concentration on a 159 logarithmic scale, and the resulting sigmoidal curve was fitted to a four-parameter logistic equation 160 using the SigmaPlot software package from SPSS Inc. (Chicago, IL, USA). Assay sensitivity was 161 defined as the concentration of analyte at the inflection point of the fitted curve, typically producing 162 a 50% inhibition (IC 50 ) of the maximum signal (PGV max ). The limit of detection (LOD) and the limit 163 of quantification (LOQ) of the assay were defined as the concentration of analyte generating a 10% 164 and a 20% inhibition of the PGV max (IC 10 and IC 20 , respectively). The dynamic range (DR) for the 165 quantification of CPPU was established between the values of the IC 20 and the IC 80 (concentrationsintensity was conducted using the experimental PGV reached at the zero dose of analyte (PGV 0 ). All 168 the experiments were run in three independent replicates. 169
Analysis of food samples 170
Kiwifruit and grape vines were treated with CPPU at the dose recommended by the manufacturer 171 (10 mg/kg). After the application of the agrochemical, fruits were collected at different times in 172
order to obtain real samples containing diverse levels of CPPU. Fruits obtained from non-treated 173 vines were included in the analysis as negative controls. The QuEChERS-based extraction procedure 174 of CPPU from horticultural samples was based on the methodology described by Hu and Li (2006) . 
Optimization of the immunochromatographic test 245
The influence of the immunoreagent concentrations on the assay signal and detectability was 246 able to generate a decrease in the signal intensity clearly distinguishable from the blank. 256 Table 1  257 The ratio between both signals was used to calculate the inhibition provided by each 258 immunoreagent combination (Table 1) . As previously observed with the ELISA format using the 259 same mAb (Suárez-Pantaleón et al., 2008), the heterologous CC OVA-p2, with the shortest linker, 260 was better recognized than the homologous CC OVA-p6. Accordingly, OVA-p2 at 1000 ng/strip in 261 combination with the highest concentration of GAM-carbon conjugate (0.02%, w/v) was selected 262 for further work because a lower mAb p6#42 concentration was required (0.2 μg/mL) to afford the 263 maximum inhibition percentage. 264
Figure 2 265
The LOQ of the LFIA with CPPU standards in buffer was 89 ng/L, a value 500 times below theAccordingly, this rapid test could be potentially used for CPPU residue monitoring in horticultural 268 samples, provided that matrix effects do not substantially interfere with the assay performance. 269 Finally, different concentrations of DAG immunoglobulins were tested for the preparation of the 276 CL in order to obtain a signal intensity similar to that reached in the TL at the zero dose of analyte 277 (Figure 2d) . 278
Matrix influence on the assay performance 279
CPPU is registered in the European Union for application to kiwifruit crops. In other countries 280 such as the United States, Japan, South Africa, Chile, and Mexico, this agrochemical is also used as 281 growth promoter in table grape production. Therefore, the strip assay performance was evaluated in 282 both commodities. Since a triple extraction protocol with acetonitrile was proven to be necessary in a 283 previous study (Suárez-Pantaleón et al., 2012) for the quantitative recovery of CPPU residues from 284 fruit samples, the potential interferences on the strip test analytical parameters caused by the matrix 285 and the solvent were simultaneously studied. The signal intensity of the TL in buffer and in diluted 286 extracts prepared from control (non-treated) fruits were compared under four conditions: absence of 287 analyte and those CPPU concentrations producing a 30, 50 and 70% inhibition of PGV max (IC 30 , 288 IC 50 , and IC 70 values, respectively) (Figure 3) . 289
Figure 3 290
For both matrices, a minimum 100-fold dilution of the extracts in assay buffer was estimated to 291 be required to suppress interferences from the matrix and/or the solvent. When similar experiments13 were carried out in the ELISA format, a 100-fold extract dilution was also found to be optimal 293 (results not shown). Accordingly, considering the whole sample preparation protocol (triple solvent 294 extraction and extract dilution), the resulting estimated LOQ in kiwifruit and grape was 33.4 µg/kg 295 and 6.6 µg/kg for LFIA and ELISA, respectively. 296
Determination of CPPU in fruits from in-field treated crops 297
Fruit samples from grape and kiwifruit vines treated in the field with CPPU were processed for 298 analysis by HPLC/UV, ELISA, and LFIA. In the case of HPLC/UV, a pre-concentration step was 299 necessary in order to determine CPPU concentrations at levels below the MRL. On the contrary, for 300 determinations with LFIA and ELISA the extracts were directly analyzed after being properly 301 G1  G2  G3  G4  G5  negative  K1  K2  K3  K4  K5  buffer 
